After a rapid intravenous injection of angiotonin, the pressor substance obtained by the action of renin on renin substrate, the blood pressure rises rapidly to a maximum value and soon begins to fall, the return to normal levels in dogs and cats being nearly complete in 4 to 8 minutes. It is almost certain that the ral~id disappearance of the pressor response is due to destruction of the angiotonin, for recent bilateral nephrectomy does not alter the response to angiotonin (1, 2); furthermore the fact that the blood pressure can be elevated for extended periods by its intravenous infusion at a constant rate (3) is evidence that the disappearance of the response is not due to a rapid accommodation of the arterial wall to the pressor effect, the development of a hypothetical inhibitor, or the exhaustion of a hypothetical activator.
The question which naturally arises is whether the very large amount of intracellular angiotonase is available for the destruction of circulating angiotonin in vivo. The alternative is that only a small proportion of these enzymes, perhaps those confined to one organ or organ system, actually takes part in the destruction of angiotonin in the living animal. Although most workers in this field appear tacitly to support the former view, certain a pri~i considerations are in favor of the latter, and these should be presented at this time.
When the blood pressure is elevated as a result of an infusion of angiotonin, the time for disappearance of the response when the infusion is stopped is a fair indication of the rate at which angiotonin is destroyed. Such data for man have been presented by Corcoran, Kohlstaedt, and Page (10) , and the disappearance time is recorded as 20 to 25 minutes. In 10 minutes it is reasonable to assume that half o~ the injected angiotonin has been destroyed.
According to Plenfl and Page (11) the destruction of angiotonin follows the kinetics of a first order reaction, and the rate of angiotonin destruction is consequently dependent on the concentration of the angiotonase.
If we focus our attention on the angiotonase content of blood alone it is found that the angiotonase content of 10 ml. of blood, assuming a 40 per cent hematocrit, is about 409 units (assuming 100 units per gin. of red blood cells and 1.5 units per cc. of plasma). Using this value, the following calculation reveals that if the angiotonase content of whole blood were entirely available for angiotonin destruction the expected time for one-half destruction would be only 36 seconds.
In a first order enzyme reaction, the time for 50 per cent destruction of the substrate is independent of the concentration of the substrate and inversely proportional to the concentration of the enzyme. Using Fasciolo's definition of the unit of angiotonase we have:
where E is the enzyme concentration (units per 10 ml.) k is constant at any given temperature tt is the time to 50 per cent destruction in minutes and substituting Fasciolo's values as expressed in his definition of one unit we obtain:
~ k/1 or k ~ 240
Then t! -240/E and for whole blood where E is 400 (see above), tt is 0.6 minutes or 36 seconds.
There is thus a twenty-to thirtyfold disparity between the observed time for half destruction of angiotonin, and the time expected if the angiotonase of the red blood cell were considered available. Furthermore, this calculation ignores completely the angiotonase content of other organs such as the kidney (800 units per gin.) and the gut (600 to 1200 units per gin.) which if allowed for would further reduce the expected half time after in vivo infusions, and increase the disparity. It also ignores those homeostatic mechanisms for the control of blood pressure which would further tend to reduce the half time in vivo.
When, on the other hand, one performs a similar calculation for the angiotonase content of plasma alone (using the data of Fasciolo et al. (9) ), and assumes that no other angiotonase is available for in vivo destruction, an expected half time of 16 minutes (tt ~-240/15) is obtained, and this value is in much closer accord with the observed times recorded by Corcoran, Kohlstaedt, and Page of 10 to 13 minutes.
These considerations lead us at once to the conclusion that only a small fraction of the angiotonase of the living animal is available for the destruction of angiotonin. In the experiments to be described below we have attempted to localize the site of angiotonin destruction in the living organism.
Our experiments fall into three groups: I. Ablation experiments in which the effects of organ removal on pressor response to angiotonin were studied.
II.
In vitro experiments in which the effects of plasma and of hemolyzed red cells on the breakdown of angiotonin were studied.
III. Addition experiments in which additional autogenous angiotonase was made available to the animal in soluble form, and the effects on the pressor response to angiotonin studied.
E X P E R~N T A L

Group I. A b~wn E x p~i~s
GeneraL--Dogs ranging in weight from S to 25 kilos, and cats weighing from 2 to 4 kilos were used in these experiments. Sodium pentobarbital anesthesia (35 mg. per kilo intraperitoneally) was used exclusively. Blood pressures were recorded from the carotid artery with a mercury float manometer. Injections were made as rapidly as possible into a femoral vein by needle, and infusions were run into the opposite femoral vein by cannula.
The angiotonin used in these experiments was prepared by a method previously described (12) . For dogs test doses of 6 to 15 cat units were used (1 cat unit raises the blood pressure of a 2 kilo cat 30 ram. Hg). The angiotonin preparation contained 3 cat units per ml. At least two injections of angiotonin were given before any experimental procedure was attempted, in order to determine the constancy of the response, and several injections were made after the procedures. In most cases the responses to angiotonin were controlled by injections of epinephrine to rule out changes due to alterations of vascular sensitivity.
Specific techniques used in the various experiments will be described under separate headings.
A. The Effects of Hemorrhagic Shock on Angiotonin Response.--In all the
experiments to be described which involved manipulations of any extent there was unavoidably some degree of shock. This introduces an important artefact into our results, for it has been shown by I. H. Page (13) that procedures which produce shock (hemorrhage, central nervous system trauma) m a y produce a state of angiotonin refractoriness. We have confirmed these results insofar as hemorrhage is concerned, and in view of the importance of this effect in subsequent experiments we will present our findings here.
Three animals were used in these experiments. After preparation as described above the angiotonin sensitivity was determined. Following this the animals were subjected to two massive hemorrhages (15 to 20 ml. per kilo) through the side arm of the carotid cannula; the blood pressure was maintained at a level of 40 ram. Hg by repeated small hemorrhages ( 
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It is to be noted that immediately after massive hemorrhage both the magnitude and duration of the response to angiotonin showed a very striking increase, but that 170 minutes after the blood pressure had been maintained at 40 mm. Hg the response to angiotonin had disappeared entirely.
These findings emphasize the caution that must be used in the interpretation of results in which angiotonin sensitivity is observed to decrease after extensive procedures. To a certain extent this artefact was unavoidably present in all our experiments. We have, however, attempted to minimize its importance by setting up the following criterion: No experiment is considered valid unless the animal's blood pressure is 80 ram. Hg or more and not falling after a procedure. Except in a few cases which will be discussed in more detail below, animals not meeting this criterion were not considered in our results and are not reported in our totals. Nevertheless we have been cautious in interpreting the results of experiments in which angiotonin responses decreased or failed to increase after extensive surgical procedures.
B. The Effect of Nephrectomy on
Response to A ngiotonin.--Although the literature contains many references to the increased sensitivity of the nephrectomized animal to angiotonin, this increase is only noted after 36 to 48 hours. Immediately after nephrectomy Rodbard (1) and Houssay and Dexter (2) have noted no change in angiotonin sensitivity. If angiotonin were destroyed in the kidney to any extent, such a change in sensitivity would be expected immediately after nephrectomy.
We have studied the effect of nephrectomy on angiotonin response immediately after the operation, and our results confirm those of Page and of Houssay and Dexter.
Three dogs and one cat meeting the requirements outlined in Section A were used in brief experiments. After determining the angiotonin response in the normal condition, bilateral nephrectomy was done by the retroperitoneal route, and the animals observed for 15 minutes. If the condition appeared satisfactory, the response to angiotonin was redetermined. Protocol 2 is representative of these experiments. These results, which are typical of all, indicate that the response to angiotonin is not at all affected immediately after the removal of both kidneys, and strongly suggests that only a negligible proportion, if any, of the destruction of angiotonin takes place in these organs. (14) have reported a slight increase in angiotonin sensitivity after abdominal evisceration. We have confirmed this finding in two cats.
PROTOCOL 2 The Effect of Nephrectomy on Angiotonin Response in a 3.2 Kilo Cat
C. The Effect of Abdominal Evisceration on Angiotonin Response.mBraunMenendez et aL
Mter the usual preparations and preliminary determination of angiotonin sensitivity, evisceration was done as rapidly as possible, the celiac artery, the superior and inferior mesenteric arteries, and the hepatic portal vein being tied and divided, and the stomach, bowel, and spleen being removed.
After evisceration, the blood pressure remained at previous levels for about 15 As has been stressed in an earlier section, considerable caution is required in the interpretation of these results. Not only was this procedure certain to produce shock with consequent diminution in the response to angiotonin, but the removal of the splanchnic vascular bed and the blood contained therein were both likely to increase the angiotonin response, quite apart from the factor of the removal of organs and tissues where angiotonin might presumably be destroyed.
With these important reservations, we may conclude that the removal of the abdominal viscera, representing over 99 per cent of the body's angiotonase by weight, produced only a negligible and evanescent increase in the height and duration of the pressor response to angiotonin, and that evidence is lacking from these experiments that any significant destruction of angiotonin occurs in these organs.
D. The Effect of Non-Shocking Hemorrhage on Angiotonin Response.--
Seven dogs meeting the criteria of Section A were used in these experiments. After the normal response to angiotonin had been established, the animals were bled rapidly through the side arm of the carotid cannula, a volume of 20 to 25 ml. kilo being removed. Mter the hemorrhage, a short period was allowed for the blood pressure to return to almost normal levels and to stabilize. This usually required 15 to 30 minutes. Injections of angiotonin were then made and the responses recorded. The results of a typical experiment are given in Protocol 4.
PROTOCOL 4
The The remarkable increase in response to angiotonin after a non-shocking hemorrhage afforded the first experimental evidence that the blood was the major site of angiotonin destruction. Further evidence on this point was gained from the experiments to be described in the next section. We wish to emphasize here that the hemodilution following hemorrhage and not the blood loss per se must be considered the essential factor in the increased response to angiotonin after blood loss. This hemodflution occurs quite rapidly after a hemorrhage of this size, the blood volume being restored at a rate of 0.25 ml. per kilo per rain. (15) .
E. The Effect of Plasmapheresis on Angiotonin Response.--In order to accomplish a more controlled hemodilution than was possible by simple hemorrhage, and at the same time to effect greater hemorrhage than was possible by the last technic without shock, attempts were made to replace the volume loss of a hemorrhage by a suspension of red cells in 4 per cent gelatin. By this means we hoped also to determine whether the altered response after non-shocking hemorrhage was due to the dilution of plasma or of red blood cells.
Large dogs were employed as cell donors, and smaller animals were used in the experiments. Three experiments were done. After centrifugation of the heparinized donor blood, the cells were suspended in a 4 per cent solution of gelatin in isotonic sodium chloride, and used for infusion into the recipient dogs after fractional hemorrhages. Precautions were taken throughout to avoid hemolysis (see next section). Usually 20 ml. per kg. were removed from the recipient animals at each of four hemorrhages and replaced immediately by the cellgelatin suspension. It was calculated that about 75 per cent of the plasma originally present was removed by this procedure.
Unfortunately it was never possible to go through this entire process without a progressively falling blood pressure, thus violating the principles which we have laid down in Section A for the exclusion of data. However, since the expected error from the shock which the falling blood pressures indicated was a diminution in response, and since our responses were actually increased, the results in these experiments for the period when the blood pressure was above 80 were not discarded even though the pressure was falling. Protocol 5 is a sample of these results :--PROTOCOL This increased response was observed in all the animals and strongly suggested that the plasma rather than the red blood cell was the locus of anglo-tonin destruction in the blood stream. Further evidence on this point is presented in the next two groups of experiments.
Group II. In Vitro Experiments
In view of the findings in the last section, and the conclusion suggested by them that the plasma rather than the red cell is the site of angiotonin destruction in the blood stream, we thought it of interest to redetermine the angiotonase activity of the intact red blood cell in vitro.
In studying the distribution of "tissue hypertensinase" (angiotonase), Fasciolo et al. (9) stated that plasma contained 1 unit per gin., intact red blood cells 4 units per gin., and hemolyzed cells 80 to 120 units per gin. If this were true, it would indicate that the intact red blood cells in whole blood accounted for 2.5 times as much destruction of angiotonin as plasma, assuming that the red cells constituted 40 per cent of the weight of whole blood. This assumption does not, however, fit with the observations on the in vitro destruction of angiotonin by blood. Inasmuch as dog's blood is more subject to hemolysis than human blood, and since only 4 per cent of the red blood cells would have to be hemolyzed to yield the values which Fasciolo et d. obtained, the experiments were conducted on carefully washed human red blood cells and human plasma.
Incubations were carried out according to the technic described by Fasciolo (9) and final assays of angiotonin were done on isolated uteri of castrated rats in a constant temperature bath of Tyrode's solution. Results are shown in Table I . The values for whole blood and for plasma are higher than nornml because the subject for this experiment was pregnant, and we have found that there is a fivefold increase in plasma angiotonase during late pregnancy (16) . 
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It can be see n from Table t that intact red blood cells do not cause any appreciable destruction of angiotonin, and that the rate of destruction of anglotonin by whole blood is even less than that by plasma alone. Hemolyzed red blood cells are approximately 300 times as active as human plasma in our experiments. One must conclude, therefore, that the angiotonase of the red blood cell is not available until it is released, and therefore that it is function-less in the living animal. I n other words, it would appear as though angiotonin cannot traverse the cell membrane.
If, then, the angiotonase of the red blood cell is not ordinarily available for the destruction of angiotonin, one would anticipate that by the release of a small amount of this material to the plasma by hemolysis the characteristics of the pressor response to angiotonin might be profoundly changed. I n the next section results will be presented to indicate that this is actually the case.
Group I l L Addition Experiments
Twenty-five dogs were used in these experiments. The general technic was identical with t h a t previously described in Group I.
After the animal had been set up, small quantities (5 to 50 ml.) of blood were withdrawn, using heparin as the anticoagulant. This was then centrifuged, the plasma decanted, and the cells hemolyzed by shaking with three times their volume of distilled water. After the donor animal had stabilized its blood pressure, two or more angiotonin injections were given by vein to determine the normal response. The hemolyzed cells were then reinjected and the responses to angiotonin redetermined.
In some cases, hemolysis was produced in r/to by the intravenous injection of distilled water at a fairly rapid rote. In these cases, the degree of hemolysis was determined by removing a small blood sample, centrifuging, and comparing the plasma with a series of colorimetric standards made up from the donor animal's own hemolyzed cells.
After hemolysis was produced by either of the above methods, the pressor repsonse to angiotonin was redetermined at intervals up to an hour. The angiotonin responses were controlled in most cases by the use of epinephrine in quantities sufficient to produce comparable changes in the blood pressure.
Controls on the use of cells hemolyzed in ritro were afforded in some experiments by the use of comparable samples hemolyzed in ritro and then heated under varying conditions. Since cells heated in this manner in themselves produced pronounced falls of blood pressure, and were in some cases toxic, it was found necessary to dialyze these preparations for 8 hours against running tap water. These heated preparations were used as controls against similarly hemolyzed and dialyzed unheated preparations.
To control the volume effects resulting from the use of intravenous distilled water in those experiments where hemolysis was produced in tr/vo, similar experiments were done in which isotonic saline substituted for the distilled water. No hemolysis was produced by this procedure.
The results are summarized in Tables II and III , and a typical record is presented in Fig. 1 . I t should be mentioned here t h a t the effects of hemolysis on any response were not maximal immediately, but t h a t a period of 5 to 15 minutes was required before the maximum change in the angiotonin response occurred. We are unable to explain this finding. F r o m these d a t a it can be seen t h a t hemolysis, whether produced in vivo or in vitro, diminishes the pressor response to angiotonin ~n both magnitude and duration. This effect is not a nomspecific effect on the vascular system, for the responses to epinephrine remain unaffected, nor is it due to volume changes,
for the injection of similar quantities of isotonic saline has no effect whatsoever on angiotonin sensitivity. The active factor is partiaUy destroyed by heating to 60 ° C. for 10 minutes and completely destroyed by heating to 65-700C. for 15 minutes. In general the correlation between the degree of hemolysis and the diminution of the response is very poor. On the whole, less hemolysis is required in dvo than in mtro to accomplish the same diminution in angiotonin effect. This may be due to the fact that some loss in angiotonase activity occurs as a result of the procedures involved in the in vitro preparation of hemolyzed cells.
Our results show that profound alterations in the rate of destruction of angiotonin can be brought about by the release of some of the soluble components of the red blood cell to the plasma. If as we suspect, the active substance in the red cell is angiotonase, then the remarkable fact emerges that the release of quantities of red blood cell angiotonase sufficient to double the angiotonase activity of plasma, but relatively a minute quantity compared to the anglo- tonase content of the rest of the blood, or of most of the viscera, results in the destruction of angiotonin at rates from 1.5 to 4 times those observed under physiological circumstances. In other words it would appear that in physiological circumstances the amount of angiotonase available to the organism for the destruction of angi0tonin is of the same order of magnitude as the amount in circulating plasma. This argument will be made somewhat clearer if it is expressed mathematically. The variability of the results and the multiplicity of unknown factors governing the rate of restoration of blood pressure preclude the application of any rigid equation in a small group of cases such as the present. Bearing in FIll. 1. The effect of hemolysis produced by the intravenous injection of distilled water on the pressor response to angiotonin.
Lower tracings (L) : Responses of blood pressure to injections of angiotonin and epinephrine before intravenous hemolysis is accomplished. A = 2 ml. angiotonin. E = 0.5 ml. of 10 -~ epinephrine.
Upper tracings (U): Same, after intravenous hemolysis has been accomplished. Legend as in lower tracing. m i n d t h a t its purpose is to illustrate a p o i n t rather than to calculate an exact value, we may, however, formulate the following relationship:
where R1 and R2 represent the duration and magnitude of the response to angiotonin before and after hemolysis respectively; A 1 is the amount of angiotonase normally available and A, the amount added as the result of hemolysis. In a typical experiment in which hemolysis was produced by intravenous injection of distilled water, the production of 2 per cent hemolysis (calculated to double the plasma angiotonase level) accomplished a 50 per cent decrease in the time reqttired for angiotonin destruction. From the above equation we may then deduce that the quantity of physiologically available angiotonase plus the released angiotonase is double the quantity of physiologically available angiotonase, or that as much angiotonase has been released by 2 per cent hemolysis as was formerly available to the organism. Using Fasciolo's values for the content of dog red ceils and plasma angiotonase we can calculate that the angiotonase released by 2 per cent hemolysis is precisely equal in amount to that circulating in the animal's own plasma. Thus it would appear that ordinarily only plasma angiotohase is available for angiotonin destruction.
We wish to emphasize again that such a calculation is used for illustration only, and that the only conclusion to which we can justifiably come on the basis of our data dealing with hemolysis is that the amount of physiologically available angiotonase is of the same order as the amount present in plasma.
DISCUSSION
The evidence summarized below is consistent with and supports the view that the site of angiotonin destruction is the p]asma.'~ If all the angiotonase of the organism were available for the destruction of angiotonin, then the dimppearance of the response after stopping an infusion of angiotonin should occur far more rapidly than has been observed experimentally. On the other hand, calculation of the expected destruction time if only plasma angiotonase were available for angiotonin destruction givesvalues almost identical with those observed experimentally. Either the greatest part of the organism's angiotonase is unavailable because it is physiologically inert, or we must assume that angiotonin does not traverse the cell membrane.
Removal of those organs which are richest in angiotonase does not appreciably affect the response to angiotonin. On the other hand the removal and dilution of blood results in a striking enhancement of the pressor response to angiotonin. This enhancement is not due to the removal of the red cells, for these are inert so far as the destruction of angiotonin is concerned either in vitro or in viva (plasmapheresis), but appears to be due to the dilution of plasma.
Addition to the plasma of amounts of angiotonase (from hemolyzed red cells) of an order of magnitude comparable to that already present in plasma produces changes in the response to angiotonin of about the degree to be expected if only plasma peptidases were originally active in the destruction of angiotonin.
It would appear, therefore, that under physiological circumstances angiotonin in the blood stream is destroyed in the plasma. The source of plasma angiotonase, however, may well be the kidney, since it has been chimed that angietonase gradually disappears from the plasma following bilateral nephrectomy (17) .
This conclusion opens interesting fields for speculation. If, as has been maintained by Grollman (18) , and others, the essential defect in the animal hypertensive as a result of interference with the renal circulation is a failure of angiotonin destruction, rather than its increased production, then one would expect to be able to demonstrate a lowered plasma level of this enzyme. Such findings have been reported on the renal vein blood of acutely hypertensive dogs by Friedman (19) . Dexter, who has studied the angiotonase content of the blood of hypertensive dogs (20) and human beings (21) has not, however, succeeded in demonstrating any difference between the angiotonase content of normal and hypertensive plasma.' We have also attempted without success to demonstrate alteration in the plasma levels from the normal in dogs and rats hypertensive for long periods.
Furthermore, in experimental hypertension and in human hypertension known to be of renal origin, one might anticipate that an increased level of soluble plasma angiotonase produced by spontaneous or induced hemolysis might be accompanied by a lowering of blood pressure. Such substances as potassium thiocyanate, alcoholic extracts of tissues, otis, and fats are known to be hemolytic, and are also known to reduce the blood pressure in hypertension. The possibility must not be overlooked that the blood pressurelowering effects of such agents might be due to a controlled prolonged hemolysis with its consequent liberation of proteolytic enzymes into the plasma.
S~RY
AND CONCLUSmNS
I. Theoretical considerations render it unlikely that the greatest part of the angiotonase found in the organism is available for the destruction of angiotonin.
A priori considerations support the view that only plasma angiotonase is involved in angiotonin destruction in dvo.
2. We have utilized the magnitude and duration of the pressor response to angiotonin as an index of available angiotonase, and we have found that: (a) Nephrectomy and evisceration are without marked effect on angiotonin response. (b) Hemorrhage and hemodtiution without shock cause a striking increase in the response to angiotonin and this appears to be due to removal of the plasma rather than the cells. Shock developing after hemorrhage results in a state of refractoriness to angiotonin. (c) Intact red cells in dtro have no destructive action on angiotonin, but after hemolysis they have several hundred times the activity of plasma. (d) Intravascular hemolysis, whether produced in dtro or in dvo, decreases the response to angiotonin to a degree
